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OBJECf IVE — To determine if partial wound closure surrogate markers proposed for neuro- 
pathic, small diabetic foot ulcers (DFUs) can be extended to advanced lesions and if the de- 
velopment of granulation tissue can be used to predict complete healing. 

RESEARCH DESIGN AND METHODS— Data from two multicenter, double-blind, ran- 
domized clinical trials (one of them placebo controlled) that used intralesional recombinant human 
epidermal growth factor (rhEGF) to promote granulation and healing were used. For confirmation 
in a larger sample from common clinical practice, the results of an active postmarketing surveillance 
of rhEGF treatment of DFUs in 60 healthcare units was included. The surrogates evaluated were 
percent area change, log healing rate, ratio of log areas, and percent of granulation tissue covering the 
wound area. The tests used were surrogate final end point correlation, receiver operating charac- 
teristic curves to discriminate healers from nonhealers, validation tests using logistic regression 
models, and the proportion-mediated estimation. 

RESULTS — Two weeks >50% granulation, end of treatment >75% granulation, and 16.1% 
area change showed significant predictive value (>70% correct classification) for final wound 
closure. The granulation-based variables fulfilled the criterion that the effect of rhEGF treatment 
on wound closure was mediated by the surrogate. 

CONCLUSIONS — This work provides the first evidence for the use of granulation tissue 
development as a predictor of wound healing in advanced DFUs. These results can be useful for 
clinical trial design, particularly during the exploratory phase of new products. 



Drug development is a continuous 
and complicated decision-making 
process. The use of surrogate end 
points provides a powerful tool to accel- 
erate and make decisions more efficient. It 
reduces the cost and duration of clinical 
trials during the exploratory phase of 
drug development and can be accepted 
by regulatory agencies (1). Specifically 
for diseases with risk of death or severe 
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incapacity, this issue acquires vital impor- 
tance. Surrogate end points can be mea- 
sured earlier and more frequently, so the 
adherence to treatment is greater and less 
influenced by concomitant interventions 
than the final outcome. 

Some authors (2-4) have demon- 
strated that variables based on early 
wound area reduction (i.e., after 4 weeks 
of treatment), such as the percent change 



in area, log healing rate, or log area ratio, 
can be used as surrogate end points for 
later complete wound re-epithelization 
(i.e., at 12 or 20 weeks of care) in patients 
that receive different treatments for dia- 
betic foot ulcers (DFUs). However, these 
analyses were performed for neuropathic, 
relatively small (median size <5 cm 2 ) ul- 
cers. It is not clear whether they can be 
extrapolated to more advanced, larger le- 
sions, including ischemic ones. In a more 
complicated scenario (large, chronic, 
nonischemic diabetic foot wounds after 
partial foot amputation), the percent of 
wound area reduction at 1 and 4 weeks 
was proposed as predictor of healing at 
16 weeks (5). Advanced DFUs that fall in 
Wagner classification grades 3 and 4 (6,7), 
sometimes ischemic, and >10 cm 2 are an 
unmet medical need that frequently lead to 
limb amputation (8). For these advanced 
ulcers, the study of surrogate end points 
is more difficult because of complications, 
possible evolution to amputation, and the 
scarcity of effective treatments. 

The use of surrogate markers in this 
particular area, due to the large and com- 
plex process to achieve complete healing, is 
recognized (9) as well as the necessity to 
facilitate the product development cycle, 
specifying in each case the true efficacy 
on the treated wounds and adjusting the 
regulatory requirements. These authors 
identified some potential intermediate 
end points, such as the development of 
granulation tissue, readiness for grafting, 
reduction of colonization, and others, de- 
pending on the wound therapy evaluated. 

Granulation has been used as an out- 
come in clinical trials on DFUs (10-15) 
since it is part of the healing process and 
should necessarily precede the final lesion 
closure. Besides, granulation over the ul- 
cer area permits skin grafting to attain fi- 
nal healing, so some patients do not reach 
complete wound closure to be evaluated. 
In a randomized, placebo-controlled trial, 
recombinant human epidermal growth 
factor (rhEGF) was applied intralesionally 
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in Wagner 3 or 4 DFUs up to complete 
wound granulation or a maximum of 8 
weeks. In these subjects, a highly signifi- 
cant correlation between complete healing 
and >50% granulation at 2 weeks of treat- 
ment or >75% granulation at the end of 
treatment (EOT) (median, 5 weeks) was 
found (16). This granulation-healing corre- 
lation suggested that these variables could 
be used as surrogates. Multivariate analyses 
in this trial identified a significant influence 
of rhEGF treatment, ulcer etiology (neuro- 
pathic or ischemic), and initial size on 
wound closure. 

The purpose of this work was to de- 
termine if the surrogate markers proposed 
for the neuropathic, small DFUs can be 
extended to advanced, Wagner grade 3 and 
4 ulcers, including ischemic ones, and if the 
development of granulation tissue can be 
used to predict complete healing. 

RESEARCH DESIGN AND 
METHODS — Data from two multicen- 
ter, double-blind, randomized clinical trials 
were used to test the surrogate variables 
proposed for neuropathic DFUs and to 
explore the correlation between granula- 
tion tissue development (the main efficacy 
variable of the studies) and complete heal- 
ing during follow-up for 1 year after the 
EOT (median time to complete closure, 15 
weeks; 25th percentile, 9.6 weeks; 75th 
percentile, 21.4 weeks). In the first study, a 
dose-exploratory trial in five hospitals (13), 
patients were randomized to receive intra- 
lesional injections of rhEGF at 75 (23 sub- 
jects) or 25 |xg (18 subjects), three times 
per week. In the second study, a confirma- 
tory trial in 20 hospitals (16), 53 subjects 
were randomized to rhEGF 75 (JLg, 48 to 
rhEGF 25 (JLg, and 48 to a placebo group. 
Each patient had only one lesion, so the 
total number of ulcers included in the ana- 
lyses was 190. For confirmation in a larger 
sample from common clinical practice, the 
results of an active postmarketing surveil- 
lance of rhEGF treatment in 1 ,440 DFUs in 
60 healthcare units (41 hospitals and 19 
primary care polyclinics) were taken into 
account (unpublished data). In this series, 
the 25- and 75-|xg dose levels were used, 
according to the product label (17). In all 
series, rhEGF treatment was administered 
up to complete granulation or a maximum 
of 8 weeks. 

Diabetic patients (type 1 or 2), both 
sexes, >18 years of age were included in 
the trials, with Wagner grade 3 or 4 DFUs 
>1 cm 2 . Intralesional rhEGF was adminis- 
tered adjuvant to standard care, which in- 
cluded thorough debridement (sometimes 



minor amputation), moist dressing, pres- 
sure offloading, and antibiotics, if neces- 
sary. Patients with chronic, uncontrolled 
illness, psychiatric or neurologic diseases 
that could impair proper reasoning for con- 
sent, or presence or suspicion of neoplasia 
or who were pregnant or breastfeeding 
were excluded. 



Analyses 

Variables proposed by Margolis et al. (2) 
as surrogate markers of complete healing 
were generated: percent change in area, 
log healing rate, and ratio of log areas at 
the 2nd week and EOT (median, 5 
weeks). 



Percent change area 
Area 0 — Area ( 



X100 



Area 0 
Log healing rate 

ln(Area 0 ) — ln(Area ( ) 



t 



Ratio of log areas ■ 



ln(Areao) 



(1) 

(2) 
(3) 



ln(Area t ) 
Additionally the variable 

Percent of granulation 

Area with granulation tissue (4) 



Areao 



-X100 



was taken into account. 

Considering that the median treatment 
duration was 5 weeks, and that there was 
no area evaluation at 4 weeks for most of 
the patients (>50% missing values), the 
EOT data were taken as the comparison 
points with the 4-week area change pro- 
posed by other authors (2-4). 

Ulcer areas and percent granulation 
were measured by planimetry from manual 
tracing on a transparent grid sheet, using a 
validated portable wound measurement 
device (Visitrack; Smith & Nephew, Lon- 
don, U.K.) (18). For comparability with the 
results in Margolis et al. (2), the variables 
defined in Eqs. 2 and 3 were calculated 
using the area in mm 2 and t in days. 

Statistical analysis 

Descriptive analysis. Continuous vari- 
ables are expressed as mean ± SD or median 
(25th and 75th percentiles). Categorical 
variables are given as absolute values and 
percentages. Comparison between healed 
and nonhealed was assessed by the x 2 
test for categorical variables and Mann- 
Whitney U test for continuous variables. 



Since missing data can constitute deviations 
from the intention-to-treat principle, clinical 
trial analyses require the use of imputation 
(19). For the purpose of this work, 18 miss- 
ing data at the 2nd week (9.5%) were im- 
puted using the last observation carried 
forward (LOCF) or the average between 
the two contiguous evaluations that in- 
cluded the missing one. 
Performance of the classification with 
surrogate end points. The area under the 
receiver operating characteristic (ROC) 
curve was calculated (20) for each candi- 
date surrogate variable to evaluate its capac- 
ity and quality of discrimination among 
individuals. Cutoff points were generated 
in order to maximize both sensitivity 
(probability to detect a positive result if 
the outcome is positive) and specificity 
(probability to detect a negative result if 
the outcome is negative). The candidate 
surrogates were then codified, and their as- 
sociation with the final outcome (complete 
ulcer closure) was assessed using the sensi- 
tivity, specificity, positive predictive values 
(PV+, conditional probability to have a 
positive result if the test was positive), 
negative PVs (PV— , conditional probabil- 
ity to have a negative result if the test was 
negative), and the correct classification 
index (percent of individuals correctly 
classified), also named validity index. 
The corresponding 95% CIs were esti- 
mated for all of them. 

Test validation and sensitivity were 
performed only for the placebo-controlled 
trial (16) for the sake of homogeneity and 
balance of the samples compared. 

To quantify the contribution of the 
candidate surrogates to the final outcome, 
the product coefficient (PC) was estimated 
(21,22), considering these variables as con- 
tinuous. This is one of the methods to 
assess mediation in the case of binary- 
dependent outcome that treats it as the 
product of two regression coefficients: the 
regression of the independent treatment 
variable on the mediator (ct t in Eq. 6, be- 
low) and the partial regression coefficient 
of the independent treatment variable on 
the final outcome adjusted for the mediator 
("y s inEq. 7, below). In order to estimate the 
PC, the following variables were taken into 
consideration. Let Y, a binary variable, be 
the outcome "closure" (1, yes; 0, no), X the 
baseline covariates Xi (etiology: neuro- 
pathic and ischemic) and X 2 (initial area), 
T the intervention status (1 for rhEGF treat- 
ment and 0 for placebo), and S the granu- 
lation tissue covering the wound area (at 
2nd week or at the EOT). The following 
models were adjusted: 
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logitPr(Y = l\X,S) 
= p 0 +/3 1 X 1 +p 2 X 2 + l3 t T 

T = 1, 0 (5) 

which measures the effect of treatment on 
healing without the influence of the sur- 
rogate, 

S — a„ + a\X\ + a 2 X 2 + a t T + e, 

E(e s |X,T) = 0,T= 1, 0 (6) 

which measures the effect of treatment on 
the surrogate, taking into account the 
same covariates, and 

logitPr(Y= 1|X,S,T) 
= r„ + Ti^i + y 2 Xi + y s S + y t T 
T = 1, 0 (7) 

which measures the effect of treatment on 
wound closure, mediated by the surro- 
gate, taking into account the covariates. 

The PC estimator (a t y s ) and the pro- 
portion mediated [a t y 5 /(a t y 5 + y t )] and 
its 95% CI (21) were used to quantify the 
contribution of the surrogate (S: granula- 
tion and area change variables) on ulcer 
closure. 

The association with some baseline 
influencing factors between healing and 
candidate surrogate variables was esti- 
mated using the odds ratio and the 95% 
CIs in binary logistic regression. 

Confirmation was performed only for 
the granulation variable percent of granu- 
lation tissue covering the ulcer area (>75% 
or not), since during medical practice it was 
not possible to standardize a precise mea- 
surement of the wound area and partial 
percent of granulation. 

Statistical analyses were performed 
using SPSS version 15 and Epidat soft- 
wares for Windows. 

RESULTS— A total of 190 patients were 
included in the clinical trials analyzed. The 
median age was >60 years, median ulcer 
size was 22 cm 2 (75% >10 cm 2 ), lesions 
were 57% ischemic, and Wagner classifica- 
tion grades 3 and 4 were 73.7 and 26.3%, 
respectively. Treatments lasted 5 weeks 
(median duration). All demographic and 
baseline variables were similar among treat- 
ment groups. They are shown in detail in 
Supplementary Table 1. 

The inferential summary of baseline 
characteristics and candidate surrogates 
by healing is shown in Table 1 . Globally, 
58.4% of the wounds achieved closure. 



Complete healing showed dependence on 
all variables except for sex, ethnicity, treat- 
ment duration, and Wagner classification. 

All variables tested had a good discrim- 
ination capacity, with ROC curve areas 
>0. 7 at the 2nd week and >0.8 at the EOT 
(see Supplementary Table 2 for details). 
Those with the lower limit of the 95% CI 
>0.7 were selected as the best ones: the 
three variables based on the area change 
at the EOT and granulation tissue forma- 
tion at the 2nd week and at the EOT. Sup- 
plementary Fig. 1 shows the ROC curves 
for granulation end points as examples. 

Cutoff points were selected for each 
variable to maximize both sensitivity and 
specificity. Table 2 shows these, as well as 
the sensitivity, specificity, positive and 
negative PVs, and percent correct classifi- 
cation calculated from them. The 95% CIs 
were not shown for simplicity of the table, 
but they were all <2% around the estima- 
tors, showing high precision. 

The most efficient predictor was the 
granulation tissue covering >75% of the 
ulcer area at the end of the treatment, with 
79.5% correct classification and a high 
negative PV (93.5%). An earlier evalua- 
tion of this surrogate marker (granulation 
tissue covering >50% of the ulcer area at 



2 weeks) was also adequate, with 73.7% 
correct classification, PVs (positive and 
negative) >70%, and acceptable sensitiv- 
ity and specificity values. The best cutoff 
points for variables based on the area 
change at the EOT were selected too. 
The correct classification was also high 
(>70%), with suitable diagnostic indica- 
tors. At this point, all candidates can be 
used to discriminate healing. 

The proportion-mediated (using PC 
estimators) a t y s /(a t y s 4-A ( ) for 2 weeks 
>50% granulation and EOT >75% gran- 
ulation were 1.008 (95% CI 0.933- 
1.083) and 1.043 (0.946-1.142), respec- 
tively, both very close to 1, suggesting 
that almost 100% of the effect of the treat- 
ment on complete healing may have been 
mediated by the formation of granulation 
tissue. With the area change-dependent 
candidate surrogates, the estimation was 
only possible for log healing rate. The me- 
diation explained by this variable was 
very low: 0.003 (95% CI -0.002 to 
0.008). Coefficients and PC values can 
be seen in Supplementary Table 3. The 
effect of the treatment on healing of this 
type of complicated ulcers is not necessar- 
ily mediated by an area reduction in the 
earlier weeks. The models given by Eqs. 6 



Table 1 — Patient characteristics in terms of healing (all treatment groups combined) 



Variable 


Healed 


Unhealed 


Number of wounds (%) 


111 (58.4) 


79 (41.6) 




61 (61-69) 


68 (59-72)** 


Sex: males (%)/females (%) 


57 (60V54 (56.8) 


38 (40.0V41 (43.2) 


Ethnicity: white (%)/nonwhite (%) 


69 (58V42 (59.2) 


50 (42V29 (40.8) 


Ulcer size, cm 2 


21.6 (9.3-36.3) 


27.1 (13.3-48.0)* 


Predominant etiological feature 


Neuropathic (%) 


64 (79.0) 


17 (21.0) 


Ischemic (%) 


47 (43.1) 


62 (59.9)** 


Wagner's classification 


Grade 3 (%) 


85 (60.7) 


55 (39.3) 








Percent change area 


Week 2 


21.3 (3.14-44.9) 


0.19 (-7.11 to 15.4)** 


EOT 


60.0 (27.7-78.8) 


1.19 (-16.9 to 38.2)** 


Log healing rate 


Week 2 


0.017 (0.002-0.043) 


0.0001 (-0.005 to 0.012)** 


EOT 


0.026 (0.036-0.054) 


0.0005 (-0.004 to 0.014)** 


Ratio of log areas 








EOT 


1.14 (1.04-1.25) 


1.00 (0.98-1.06)** 




Week 2 


77.0 (54.2-94.1) 


36.1 (9.5-69.5)** 


EOT 


100 (100-100) 


63.0 (18.1-100)** 



Qualitative data are in n (%) and quantitative in median (25th-75th percentile). *P < 0.05. **p < 0.001. 
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Table 2 — Diagnostic test for candidate surrogate variables and complete healing 















Correct 




Cutoff 


Sensitivity 


Specificity 


PV+ 


PV- 


classification 


Variables 


point 


(%) 


(%) 


(%) 


(%) 


index (%) 


Granulation 


EOT 


75 


97.3 


54.4 


75.0 


93.5 


79.5 


EOT percent change 














area 


16.1 


86.5 


69.6 


80.0 


78.6 


79.5 


EOT log healing rate 


0.008 


76.6 


70.9 


78.7 


68.3 


74.2 


EOT ratio of log areas 


1.05 


72.1 


73.4 


79.2 


65.2 


72.6 



and 7 for percent area change and ratio of 
log areas were not adequate. 

Table 3 shows the association between 
healing and candidate surrogate variables 
with some baseline influencing factors. All 
the models with the granulation-based can- 
didates were adequate (Hosmer-Lemeshow 
goodness-of-fit statistics). Treatment had a 
significant influence on healing and the 
two granulation-dependent variables con- 
sidered. For simplicity, only the 75-(xg 
rhEGF is shown, since the 25-|xg dose 
had no significant effect on healing in the 
clinical trial (16). The effect of the interven- 
tion on healing was lost when either 2 
weeks >50% granulation or EOT >75% 
granulation is incorporated in the model. 
The odds ratios for the influence of the 
covariates (initial area and etiology) were 
similar for the three dependent out- 
comes (2 -week and EOT granulation 
and healing). 

The results of the model with the EOT 
percent area change are also shown in Ta- 
ble 3 as an example. Models with the log 
healing rate variable are not shown, but 
their interpretation was the same. No ef- 
fect of treatment on the surrogate was 
found (95% CI 0.71-4.03), and the effect 
of treatment on complete healing was not 
lost when the percent area change was in- 
corporated in the model. The odds ratios 



for the covariates were similar for healing 
and percent area change. 

The results of the granulation-healing 
correlation analysis in the postmarketing 
study in current medical practice were 
obtained from the data of 1,440 ulcers. 
The result confirms that granulation tis- 
sue development at the EOT was an early 
predictor of final healing, with a 72.9% 
certainty and positive/negative PVs of 
71.7/75.8%, respectively (details in Sup- 
plementary Table 4). Figure 1 illustrates 
the discrimination capacity of the granu- 
lation variables in clinical trials and in the 
postmarketing series. 

CONCLUSIONS— The results of this 
study show that several surrogate varia- 
bles can be taken into consideration for 
the final outcome in advanced DFUs, 
including ischemic, Wagner grade 3 or 
4, and median area >20 cm 2 . There are 
no previous reports of predictive variables 
in this kind of lesion. 

Granulation tissue development has 
been taken previously as a secondary 
outcome in DFU trials (14,15). It was 
also proposed as a potential intermediate 
variable (9), but its use as a surrogate of 
complete wound closure has not been 
proposed before, despite being part of 
the healing process and necessarily 



preceding final re-epithelization. The 
granulation process showed good capac- 
ity to discriminate healers from nonheal- 
ers with ROC curve areas >70% at the 
2nd week and EOT. The diagnostic in- 
dexes of the dichotomized surrogate 
markers 2 weeks >50% and EOT 
>75% granulation had high correct clas- 
sification percentages. 

The validation tests using multivariate 
analyses were developed with the data of 
the randomized placebo-controlled clinical 
trial of intralesional rhEGF in advanced 
DFUs (16). The proportion mediated for 
granulation variables (at 2 weeks and at 
the EOT) was very high, which agrees 
with the idea that granulation constitutes 
an essential part of the healing process, par- 
ticularly in larger and advanced ulcers. The 
EGF-induced mitogenic, motogenic, and 
cytoprotective actions are instrumental for 
healing events that may be summarized as 
follows: 1) stimulation of productive cell 
migration toward the injured area; 2) stim- 
ulation of granulation tissue outgrowth, in- 
cluding extracellular matrix accumulation, 
maturation, and de novo angiogenesis; 
3) stimulation of wound contraction by 
myofibroblast activation and proliferation; 
and 4) stimulation of the damaged area re- 
surfacing by epithelial cell migration and 
proliferation (23). Since treatment with 
rhEGF was given only up to complete gran- 
ulation, mechanisms 1 and 2 took place 
completely but not 3 and 4, which require a 
previous granulating wound bed. For area 
change-dependent candidates, the propor- 
tion mediated was small, which could be 
explained by a more exigent condition for 
these lesions. Had the treatment continued 
after complete granulation, maybe a better 
proportion mediated would be obtained, 
given that mechanisms 3 and 4 could 
have worked longer. 

The models for final cicatrization and 
the granulation surrogates were adequate 
and fulfilled the original Prentice (24) 



Table 3 — Association between covariates and outcomes (granulation and healing) 





Effect of treatment 


Effect of initial area 


Effect of etiology 


Effect of the surrogate 


Healing 


3.64 (1.41-9.39) 


0.98 (0.96-0.99) 


4.41 (2.00-9.74) 




2 weeks >50% granulation 


7.71 (3.00-19.8) 


1.01 (0.99-1.02) 


2.44 (1.10-5.39) 




Healing mediated by 2-week granulation 


1.55 (0.51-4.72) 


0.97 (0.95-0.99) 


3.78 (1.59-8.96) 


9.48 (3.56-25.2) 


EOT >75% granulation 


4.74 (1.64-13.7) 


0.98 (0.97-0.99) 


3.70 (1.47-9.30) 




Healing mediated by EOT granulation 


1.87 (0.54-6.57) 


0.98 (0.96-1.00) 


3.67 (1.35-9.94) 


65.0 (13.1-323) 


EOT area change >16.1 


1.69 (0.71-4.03) 


0.99 (0.97-1.00) 


4.26 (1.99-9.11) 




Healing mediated by EOT area change 


3.76 (1.25-11.3) 


0.98 (0.96-1.00) 


2.43 (0.98-6.03) 


13.5 (5.36-34.2) 



Values are odds ratios (95% CI) taken from the corresponding adjusted logistic regression models. 
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Figure 1 — Discrimination capacity of the granulation variables in clinical trials (CTs) and in the 
postmarketing (PM) series. Black bars, healed; white bars, not healed. 



criteria for the definition of a surrogate 
end point: 1) treatment had a significant 
effect upon the surrogate end point; 2) 
treatment had a significant effect upon 
the true end point; 3) the surrogate end 
point had a significant effect upon the true 
end point; and 4) the full effect of treat- 
ment upon the true end point was medi- 
ated by the surrogate. Additionally, the 
effect of the covariates (wound area and 
ulcer etiology) was similar in all models. 
Criterion 4 is highly dependent on the 
power of the model and the sample size 
used. These are still limitations of this 
work. Patients with such advanced 
DFUs are usually not included in clinical 
trials, which limits the possibility of meta- 
analysis at present. The larger sample of 
the postmarketing series could not be in- 
cluded since it was not a controlled study. 
Nevertheless, it was useful to confirm the 
predictive character of the EOT granula- 
tion on final wound closure. On the other 
hand, as a measure of statistical power, 
&10 events per predictor is considered 
suitable, taking all the candidates and 
the other covariates (25,26). In this 
work, only in the placebo-controlled con- 
firmatory trial (16), there were 93 healing 
events and 9 variables, so the criterion is 
fulfilled. 

EOT >75% granulation had a higher 
PV with respect to final re-epithelization 
and thus should be a better surrogate for 
clinical trial design. This can be useful 
since it would not be necessary to wait 



for complete re-epithelization due to 
treatment, and alternative wound closure 
procedures could be used after complete 
granulation, such as grafts or engineered 
skin. The 2 weeks >50% granulation, be- 
ing an earlier surrogate, may also have 
practical value for treatment algorithm 
decisions and/or pharmacoeconomic 
considerations. 

Several variables based on wound 
area change have been proposed as sur- 
rogates for complete healing in neuro- 
pathic noncomplicated lesions. Margolis 
et al. (2) described the predictive capacity 
of 61% area reduction at 4 weeks as well 
as several transformations of the area 
change. Sheehan (27), based on previous 
work (3), proposes 50% wound closure at 
4 weeks as a good surrogate for final heal- 
ing and thus a decision point in a foot 
ulcer management algorithm. This cutoff 
point is also proposed by Snyder et al. (4). 

The results of the present work suggest 
that the predictive property of percent area 
change, log healing rate, and ratio of log 
area can be extrapolated to more compli- 
cated, ischemic, larger, Wagner grade 3 or 
4 ulcers. However, the cutoff points for 
classification were not the same. With the 
cutoff proposed by the above-mentioned 
authors, the correct classification percent in 
the present series was < 70% , with negative 
PVs <60. This is reasonable since larger 
and more complex ulcers take longer to 
heal, and thus the value to expect as pre- 
dictive around 4 weeks should be smaller, 



~ 1 6% area change, and much lower for the 
other transformed variables. It was not pos- 
sible to validate the surrogate property for 
these variables in this series since the per- 
cent area change did not fulfill the Prentice 
criteria (24) I and 4. Additionally, the pro- 
portion mediated by these variables was 
very low (discussed above). The extrapola- 
tion of the cutoff points proposed in the 
present work has the limitation of the small 
sample size analyzed, so it requires further 
research. It could not be performed in the 
confirmatory, postmarketing series since 
the partial areas were not measured in rou- 
tine clinical practice. 

This work provides the first evidence 
for the use of granulation tissue develop- 
ment as a predictor of wound healing in 
advanced DFUs. These results can be useful 
for clinical trial design, particularly during 
the exploratory phase of development of 
new products. The surrogate markers that 
we report can easily be applied by clinicians 
because the measurement of the propor- 
tion of wound area covered by granulation 
tissue is part of routine clinical care. Cor- 
rectly classifying patients with advanced 
diabetic foot ulcers into those who will heal 
or not heal by the 2nd week of care or at the 
end of granulation may have relevant 
implications in new wound healing prod- 
ucts and for healthcare programs managing 
diabetic foot ulcers. Further research is 
needed to finally validate these results. 
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